Abstract -Numerous studies have investigated the extent to which nonhuman primates understand the goals of a partner. One limitation common to many of these studies, however, has been that animals are often required to interpret actions of heterospecifics, typically human experimenters. In this study, we tested capuchin monkeys' understanding of goal-directed actions by examining whether they would choose similarly after watching a volitional versus forced choice by a conspecific. In the task, a model subject chose between two different objects in view of a focal subject, after which the focal was presented with the same choice. In the Free Choice condition, the two objects were at equal distance and within reach of the model, whereas in the Limited Choice condition, one object was placed out of the model's reach. In Study 1, using objects that differed in material, size, shape and color, monkeys showed little evidence of copying the partner in the Free Choice condition; however, they chose the different object more often in the Limited Choice relative to the Free Choice condition. To try to rule out that these results were due to a preference for some feature of the objects, in Study 2, the objects differed only in color and pattern. Although subjects did not copy the partner more in the Free Choice condition, some showed, as in Study 1, a preference for the different object in the Limited Choice condition. These results weakly support the hypothesis that monkeys perceive volitional actions in a social learning context, in that individuals adapted their behavior based on the partner's choice in the task. We discuss the implications of the 'failure' to select the same object as the conspecific in the task.
goal-directed actions, and the results thus far are not uniform (e.g., Drayton & Santos, 2014; Drayton, Varman, & Santos, 2016) . Therefore, it is important to further investigate this capacity in a different context.
In the current study, we used a novel paradigm to explore whether capuchins understand goaldirected actions in a social learning context. In the task, a focal capuchin monkey could see a conspecific model select one of two different non-food objects, after which the focal subject was presented the same choice. Importantly, we were interested in the monkeys' spontaneous choice in the task; therefore, both models and subjects could choose freely between the two objects (i.e., the model was not trained in one choice or the other). In addition, neither the models nor the subjects received any food reward during the trials, which minimized the impact of food visibility or receipt on monkeys' decisions. Subjects were tested in two conditions: in the Free Choice condition, both objects were immediately accessible to the model, whereas in the Limited Choice condition, one object was immediately accessible and the other was placed beyond the reach of the model and was therefore never accessible. Subjects, who had full access to both objects in both conditions, then chose one for themselves.
We anticipated that, if the subjects understood, at least to some degree, how volitional actions are produced, they should recognize that the model freely chose from between the two choices in the Free Choice condition, but had no real choice in the Limited Choice condition because one of the objects was out of reach. We also assumed, based on previous social learning work, that subjects prefer to copy conspecific models (e.g., Brosnan & de Waal, 2004; de Waal & Bonnie, 2009; Dindo et al., 2008; ). Therefore we generated two predictions. First, we predicted that the focal subject would preferentially choose the same object as the model in the Free Choice condition. We had no directional prediction about their behavior in the Limited Choice condition, because there was no a priori reason for the subjects to make a decision one way or the other based on the model's restricted access. Consequently, our second prediction was that they would make the same choice as the partner more frequently in the Free Choice condition than in the Limited Choice condition, because there was a reason to assume that the model made an intentional selection (thereby expressing an actual preference) in the Free Choice condition.
General Methods

Subjects and Housing
We tested 11 captive-born brown capuchin monkeys (Cebus [Sapajus] apella) from two stable social groups (Group A: 2 males, average age = 20 years, range = 16-23 years; 3 females, average age = 11 years, range = 5-16 years; Group B: 4 males, average age = 10 years, range = 6-15 years; 2 females, average age = 14 years, range = 11-17 years) at the Language Research Center of Georgia State University, Atlanta, Georgia, USA. One female subject often chose not to participate (i.e., did not enter the testing area on more than half of the opportunities that she had to do so) and so was dropped from testing, resulting in a sample size of 10 individuals. Prior to this study, all of our subjects had participated in studies that involved exchanging objects with an experimenter (e.g., Brosnan et al., 2011; Evans, Beran, Paglieri, & Addessi, 2012) . Subjects were always housed with their social groups except when they separated voluntarily for non-invasive behavioral and cognitive testing.
The monkeys lived in mixed-sex social groups in two large indoor/outdoor enclosures. Each enclosure contained ample three-dimensional climbing space as well as trapezes, perches and enrichment items. Subjects had been co-housed in their social groups for many years, and in some cases their entire lives, so the models were always very familiar individuals with whom the subjects had a long history. The enclosure for each social group was divided into an indoor area and a larger outdoor area (approximately one-half to two-thirds of their total space). The subjects had previously been trained to voluntarily enter testing boxes attached to their indoor area, which allowed us to separate individuals from their group for testing. They could choose not to participate at any time by walking away from the experimenter, and there were no consequences for the monkeys if they decided not to participate. No subject was ever involved in more than one session of this test on any given day.
Subjects were fed a diet according to their species-specific needs that included primate chow and fresh fruits and vegetables. They also received enrichment foods several times per day. Animals were never deprived of food or water for testing purposes and received the same diet, with food provisioning at the same times of day, regardless of participation in this experiment. Running water was available ad libitum, including during testing. All of the capuchin monkey experiments were approved by the Georgia State University IACUC (A12015) and met the ethical standards of the United States and the American Society of Primatologists. Georgia State University is fully accredited by AAALAC.
Study 1 Procedure
Subjects were tested in pairs consisting of a model and a focal individual. The focal and model were adjacent to one another in a large testing cage, separated by a clear barrier that gave them visual access to the partner (see Figure 1 ). Because we were primarily interested in the aggregated group performance, each subject played both roles, and we tested all possible combinations of pairs (regardless of their social rank or relatedness). In this study, monkeys were presented PVC and metallic hardware objects differing in various aspects such as size, shape, and color (see Figure 2) . The objects were all novel to the subjects, and we did not conduct any preference tests prior to this experiment in order to minimize the impact of exposure on the subjects' decisions. In this study, we looked at whether the focal subject chose the same object (labeled as 'same') or the different object (labeled as 'different') as the model subject. Choices were made using a choice apparatus designed by Salwiczek et al. (2012; see Figure 3 ). This apparatus was attached to the front of the monkey's test box and was designed to limit the monkey to a single choice. It consisted of two trapdoors fastened by Velcro, attached to each other by a string that worked in a drawbridge-like fashion; that is, one door pulled closed when the other was pushed open (for further detail, see Salwiczek et al., 2012) . A choice was made once the subject grasped one of the two objects, which could subsequently be returned to the experimenter.
Focal Model Model
Figure 2. Set of hardware objects used in Study 1. There were 24 items for each category (PVC or metallic). In details, PVC objects: 1, 3, 5, 8, 10, 11, 14, 15, 16, 20, 21, 22, 24, 25, 27, 28, 29, 31, 33, 39, 41, 43, 45, 47. Metallic objects: 2, 4, 6, 7, 9, 12, 13, 17, 18, 19, 23, 26, 30, 32, 34, 35, 36, 37, 38, 40, 42, 44, 46, 48 . See Supplemental Material for details on object combinations and experiment results.
During the task, the focal individual could watch the model choose between two different objects, each placed on an identical black tray (Figure 1) . A trial began once the model was presented with the trays carrying the tokens. Following the model's choice, the unselected object was removed from the tray and placed out of sight of the monkeys (into the experimenter's pocket). The model then returned the object to the experimenter, who placed it out of sight with the other object. The experimenter then rebaited the two trays out of sight and the focal individual was presented with the same choice. As with the model, the focal individual could pick up one of the two objects and return it to the experimenter, after which the trial ended. Note that subjects experienced each pair of objects only once. In addition, the model and the focal were given the same food reward (one grape each) only at the end of a trial, which maintained subjects' motivation to participate in the task while reducing the risk that the focal subjects associated the food reward with the object. Food was kept out of sight of the subjects at all times. All but one subject always returned the chosen object to the experimenter. There were two conditions, which differed in whether the model could access one or both objects. This was done to determine whether the focal took into account that the model could (or could not) reach one of the objects. In both conditions, one object (randomly assigned) was placed on each tray. In the Free Choice condition, the two objects were located within reach (approximately 10 cm from the testing area; Figure 3 ) and at equal distance from the model, while in the Limited Choice condition, one object was out of reach (approximately 40 cm from the testing area) while the other object was 10 cm from the testing area. Consequently, the model always chose the within-reach object in the Limited Choice condition. In both conditions, after watching the model make a choice, the focal was presented with both objects in reach and at equal distance (as in the Free Choice condition). Note that the trapdoors of the choice apparatus were never blocked at any time, regardless of condition. Figure 3. Experimenter's view of the choice presentation. Choices were made using a choice apparatus (designed by Salwiczek et al., 2012) , which consisted of two doors fastened by Velcro, attached to each other by a string that worked in a drawbridge-like fashion; that is, one door pulled closed when the other was pushed open. In the Free Choice condition (left), the two objects were located within reach of the model, while in the Limited Choice condition (right), only one object was within reach, so the subject was forced to choose this object. Neither trapdoor was ever blocked regardless of condition.
All subjects were tested in both conditions. Subjects from the same social group were tested on the same condition at the same time, though the initial condition was counterbalanced across groups. Each object was used twice, but always in different pairs so that neither the focal nor the model subjects ever saw the same combination twice. To prevent subjects from making a choice based simply on the side that the model chose, the side of each object presented to the focal subject changed in each trial (the order presented to the model subject remained the same for the focal subject in half of the trials and different in the other half, so that half of the time the same object was on the same side and half of the time it was on the opposite side).
All four subjects in Group A first played both model and focal subject in 12 trials in the Free Choice condition (for a total of 48 trials; for details on data, see Supplemental Material), while all six subjects in Group B first played each role in 10 trials in the Limited Choice condition (for a total of 60 trials). Note that subjects in Group B received overall fewer trials than in Group A, because one individual (Gambit) ceased returning the objects reliably to the experimenter. Consequently, we decided to stop testing this group in this condition in order to keep exposure to the task consistent across subjects, and to use the individual who ceased returning the objects only as a model in subsequent testing. After being tested in one condition, each group was given one series of the other condition, so that the total number of trials per condition (both groups included) was approximately the same. This low trial number was to reduce subjects' exposure to the task. To summarize, all four subjects in Group A played each role in six sessions in the Limited Choice condition (for a total of 24 trials). In Group B, because one subject (Gambit) was used only as model, the other five subjects played the model subject in four trials and the focal subject in six trials in the Free Choice condition (for a total of 30 trials).
Statistics
We conducted three analyses in this study. We first used a two-tailed exact binomial test to compare whether the focal subjects chose the same or different object as the model subjects in each condition. As there were too few data points for an individual analysis, we looked at subjects' combined performance in each social group separately (to control for order effects). Second, we compared
Subject Subject
Free Choice Limited Choice monkeys' performance between the two conditions, using the subject's choices in the Free Choice condition as the baseline for how often subjects chose the same object in the task. Third, we looked at whether subjects preferentially chose PVC or metallic objects (we did not have enough data points to repeat the above analyses using all-PVC or all-metallic combinations). For this, we used data from both focal subjects and model subjects in the Free Choice condition (recall that the model was not trained, so their choices presumably represented their preferences, but they could not choose between objects in the Limited Choice condition). All reported statistics are two-tailed.
Results
Overall, focal subjects did not show a significant preference for one object over the other in either the Free Choice condition (two-tailed exact binomial test, N = 77, p = .254; see Table 1 ) or the Limited Choice condition (N = 84, p = .445). Because of the intentionally low number of trials overall, at the individual level, there were no differences in preference for either object of the pair (all ps > .05).
When comparing performance across conditions, subjects as a group chose the same object as the model in 44 of the 77 trials; that is, 57% of the time (Table 1) . Using this value as the baseline level representing the extent to which individuals copy the model in this paradigm, we calculated the binomial score of subjects' performance in the Limited Choice condition. Subjects chose the different object significantly more often than the same object in the Limited Choice condition (two-tailed exact binomial test, N = 84, p = .040). This trend was evidenced for 7 out of 9 monkeys (calculating the proportion of different trials across conditions). Monkeys also chose PVC objects significantly more often than metallic objects; they selected the PVC object in 145 and the metallic one in 93 out of the 238 trials in which they were choosing between the two (two-tailed exact binomial test, p = .001). 1 Subject received fewer trials in the Free Choice condition, because the partner (Gambit) did not return the object to the experimenter in trial 1.
Discussion
Focal subjects were not significantly more likely to choose the same (or different) objects as the model subjects in either condition when compared to chance (50%). However, when using the Free Choice condition as an index for estimating the likelihood that subjects would copy the focal animal's choice in this paradigm, the results of the Limited Choice paradigm suggest they are more likely to select the different object. Of course, we cannot know whether they were actively avoiding the same choice as the model (which they did not do in the Free Choice condition) or were choosing the different object because the fact that it was out of reach of the model drew their attention to it and/or made it more salient. Nonetheless, subjects did show a significant change in choice in this condition, as compared to the Free Choice condition. Monkeys also chose the PVC objects more than the metallic ones. Although both metal and PVC are materials the monkeys frequently encounter (their housing and enrichment is made of both materials), the PVC tokens were more similar in form to experimental tokens used routinely in our lab (e.g., Brosnan et al., 2011; Evans et al., 2012) , which may explain their preference. Unfortunately, this preference for PVC could mean that their preference for certain materials overrode any preference based on their partner's choice.
Therefore, in order to tease these two factors apart, for our next study (Study 2), we conducted the same experiment but used only objects made of PVC that varied in color and pattern. It was essential to include pattern as well as color as capuchin males and many capuchin females are dichromats (i.e., missing the red-green cone), and so may not perceive differences in color sufficiently well for a discrimination task (see Gomes, Pessoa, Tomaz, & Pessoa, 2002; Jacobs, 2007 ; although see evidence in Parrish, Brosnan, & Beran, 2015 , suggesting that they generally have no difficulty with color discrimination tasks).
Study 2 Procedure
The basic procedure was the same as in Study 1, except that the objects were differently colored/patterned PVC token pipes. The combinations were designed to be easy to distinguish, so that in each pair there was a patterned and a solid token, and one of these was always a darker color than the other (see Figure 4) . As in Study 1, subjects played both the role of model and focal and we tested all possible combinations of pairs. Again, we looked at whether the focal subject chose the same or the different object as the model subject. To see whether the focal subjects were watching the partner during the demonstration, we also video-recorded the trials and coded the subjects' location and body orientation during the actual choice (see below). -2, 3-4, 5-6, 7-8, 9-10, 11-12, 13-14, 15-16, 17-18, 19-20) was made of a patterned and a solid token, and one of these was always a darker color than the other.
The two monkey groups were each tested with 10 unique pairs of tokens in both the Free Choice and the Limited Choice conditions. Group A was first tested on the Free Choice condition (for details on data, see Supplemental Material), while Group B was first tested on the Limited Choice condition. Each group was then given one series of the other condition. One subject from Study 1 (Drella) died of congestive heart failure before Study 2 commenced, resulting in a sample size of three individuals for Group A. Because of the uneven number of subjects for pairing in this group, two subjects (Griffin and Wren) played both model and focal subject in three trials in each condition, while one subject (Lily) played both roles in four trials (for a total of 10 trials per condition). In Group B, the subject who did not return the objects reliably to the experimenter in Study 1 (Gambit) played only the role of model in all trials of Study 2, which is why the other subjects played the model in three trials and the focal in six trials in each condition (for a total of 30 trials per condition).
Measure of Attention
Each trial was recorded using a HDR-XR260V Sony camcorder, and later coded using a VLC media player. We recorded the subjects' location and body orientation to see whether focal subjects were 1) overall facing towards the model and 2) more so in one condition than the other. Our video camera was not sufficiently high in resolution to reliably determine eye gaze or head orientation as a measure of attention (e.g., see Itakura, 1996; Marsh, 2012; Tomasello, Hare, Lehman, & Call, 2007) . Nonetheless, it was of sufficient quality to determine whether the focal subject in principle could have seen the model's choice. For each trial recorded, we coded whether the focal subject 1) was located in the front quadrant of the subject's compartment that was adjacent to the partner's compartment and 2) was oriented towards the partner's choice at the moment the model picked up the selected token. Although these measures do not allow us to tell whether the subject was actually paying attention, or to what, we can at least discriminate when they could not have seen their partner's choice. Two people familiar with the testing subjects coded these behaviors. We then calculated Cohen's kappa (k) for each behavior to test for interrater reliability (IRR). There was a substantial agreement between the two judgments for the location of the focal subject (k = .893; p < 0.001), with raters agreeing on 73 out of 75 trials (97%; see below for details on the number of trials coded), and also for the orientation of the focal subject (k = .775; p < .001), with raters agreeing on 70 out of 75 trials (93%).
Results
As in Study 1, the focal subjects did not show any preference for either object in either the Free Choice condition (two-tailed exact binomial test, N = 40, p = .636; see Table 2 ) or the Limited Choice condition (although they showed a non-significant trend towards choosing the different object; N = 40, p = .081). When analyzing the performance of each social group, neither group showed any difference in preference for either object in the Free Choice condition (Group A, N = 10, p = .754; Group B, N = 30, p = .362); however, while Group A did not show any difference in the Limited Choice condition (N = 10, p = 1.000), Group B chose the different object significantly more often (N = 30, p = .043). As in Study 1, we also compared monkeys' performance between the two conditions using the Free Choice condition as the baseline for how often subjects chose the same object in the task. Subjects as a group preferred to choose the same object as the model in 18 of the 40 trials; that is, 45% of the time Griffin  A  2  1  2  1  Lily  A  3  1  2  2  Wren  A  1  2  1  2  Gabe  B  2  4  1  5  Nkima  B  3  3  3  3  Liam  B  3  3  1  5  Logan  B  3  3  3  3  Nala  B  1  5  1  5  Total trials  18  22  14  26 (Table 2) . When using this value to calculate the binomial score of subjects' performance in the Limited Choice condition, we found that subjects did not choose the different object significantly more often than the same object in the Limited Choice condition (two-tailed exact binomial test, N = 40, p = .266). When analyzing the performance of each social group, neither group showed any difference in preference for either object in the Limited Choice condition (Group A, N = 10, p = .992; Group B, N = 30, p = .138). We used subjects' location in the cage and body orientation as a surrogate measure of whether they could have seen their partner's choice. We coded 76 of the 80 total trials (four trial videos were not recorded properly), but one trial was excluded because the focal subject was not sufficiently visible during the model's choice, resulting in 75 trials. Overall, the focal subject was located in the quadrant adjacent to the partner in 64 of the 75 trials (85%), and was apparently oriented towards the partner's choice in 63 trials (84%). When looking at the detailed results for each condition, the focal subject was located in the relevant quadrant in 31 of 37 trials (84%) and oriented towards the choice in 30 trials (81%) in the Free Choice condition, while the focal subject was located in the relevant quadrant and oriented towards the choice in 33 of 38 trials (87%) in the Limited Choice condition.
Discussion
Although subjects did not show any preference in the Free Choice condition, one social group chose the different object significantly more often than the same object in the Limited Choice condition. Although the overall results of Study 2 were not as robust as those in Study 1, it is possible that the monkeys may have habituated to the paradigm (and, as noted in the methods, some monkeys served in the role as chooser multiple times).
General Discussion
In the current research, we used a novel paradigm to investigate whether nonhuman primates act on the basis of knowledge gained from watching volitional versus compulsory choices produced by conspecifics. In the task, a model subject could choose between two different objects while a focal subject watched, after which the focal was presented with the same choice. There were two conditions: in the Free Choice condition, the model chose freely between two objects that were placed within reach of the subject, while in the Limited Choice condition, only one of the two objects was within reach of the model, who was forced to select this object. We predicted that monkeys would copy the choice of the partner in the Free Choice condition, which we did not find. We also predicted that subjects would be more likely to show a preference for the same object as the model in the Free Choice condition than in the Limited Choice condition. Although we did not find this, we did find that subjects were more likely to choose the different option in the Limited Choice condition. These results indicate that they attended to their partner's choice and that their subsequent choices could be influenced by the situation in which their partner chose.
Subjects' overall preference for the different object in the Limited Choice condition is intriguing. Subjects seemed most attracted to what had been out of reach, though we are unclear as to why they exhibit this preference. It is possible that subjects are most attracted to what they perceive the experimenter is keeping for herself, perhaps assuming that it is a better option (e.g., West, Jett, Beckman & Vonk, 2010) . However, this explanation feels unsatisfying in light of all of the evidence from the social learning literature indicating that primates easily learn from watching a partner interact with objects (e.g., Bonnie & de Waal, 2007; Brosnan & de Waal, 2004) . Perhaps a more plausible explanation is that the Limited Choice condition simply attracted their attention more because it was a novel situation for our monkeys. In most studies in our lab in which subjects are given a choice, it is at least in principle possible to obtain either option. Indeed, anecdotally, out-of-reach objects are fascinating to our monkeys, who will spend substantial time, energy, and ingenuity attempting to reach them.
The monkeys also showed an overall preference for the PVC objects relative to the metallic ones. This was potentially a confounding factor that would have hidden an effect of the model, so in an attempt to obtain stronger evidence of copying, in Study 2, we tested subjects using only PVC tokens. Our results in the Free Choice condition were not as robust as those in Study 1. Again, however, monkeys in one group still chose the different object in the Limited Choice condition, indicating that they adapted their behavior based on the partner's choice. It is possible the monkeys are not as likely to copy the partner when the object being chosen is inedible. Alternatively, the subjects may have habituated to the paradigm by the second study and so were no longer paying attention to or using this information. Although we tried to limit exposure, and used novel token pairs on each trial, subjects acted as both subjects and models. As a result, it may be that our results from Study 1 were more indicative of their choices before they realized that the choice did not lead to different outcomes. While our results demonstrate some evidence for volitional copying by capuchins, we recognize that these results were not as strong as anticipated. Below, we speculate on why our paradigm failed to elicit such robust copying, and consider what they may mean for experiments in cognitive and comparative psychology in general.
The weak effect found in the Free Choice condition may have been due to some aspects of our procedures. First, the task may not have elicited their attention. Although our video analysis indicates that they were oriented towards the partner, we can only infer attention from that measure. In particular, perhaps the lack of food during the trials lessened their interest; in most tasks in which subjects must watch their partner's choices, food is available at or around the time of the choice (Bonnie & de Waal, 2007; Brosnan & de Waal, 2004) . In the future, we could use better means of tracking their attention (i.e., an eye-tracker, technology that is not currently available to us) or augment their attention by providing food. However, the latter option brings with it the risk that they choose based on the food (i.e., that they mistakenly infer that only the 'right' choice brings food), which is why we chose not to use it for this study.
Another important limitation to the current procedure is that, due to our small sample size, we were unable to investigate whether subjects' experience as demonstrators prior to being a focal subject influenced their performance in the task. For example, it is possible that having the experience of choosing freely between the two objects in the Free Choice condition, with no consequence, might have led subjects to make random choices in subsequent trials. Similarly, we had a small number of focal subjects (8-10; Tables 1 & 2 ) and a small number of trials per subject in each condition (3-12; Tables 1 &  2) , so we had limited power. Consequently, it is possible that there was an effect that eluded detection. Our findings thus emphasize the challenges of small sample sizes, and hence reduced statistical power, when testing for social learning effects. Of course, this is an ever-present challenge in work on nonhuman species, which is why repeated studies of both successful and unsuccessful paradigms are important to validate previous results and determine the contexts and conditions under which a given behavior occurs.
The current special issue focuses on 'meaningful' failures in cognitive science. We are not sure that we meet either criterion. Our results weakly support our hypothesis, although they do not unequivocally demonstrate that the subjects' choices are influenced by watching their partner's decision. Is this a failure? We argue no, but clearly more work is needed on the topic. We hope that, like us, others will be willing to report 'messy' or surprising data in a joint effort to better understand cognition and behavior in nonhuman species.
